Evaluation of techniques for

estimating fishery assessment

parameters in the Tasmanian Rock

Lobster Fishery by Frusher, SD
Evaluation of Techniques for 
Estimating Fishery Assessment 
Parameters in the Tasmanian Rock 
Lobster Fishery 
Stewart D Frusher 
B. Sc., M. Sc. 
Submitted in fulfilment of the requirements for the 
degree of Doctor of Philosophy 
University of Tasmania (August, 2001) 
This thesis contains no material which has been accepted for a degree or diploma by 
the University or any other institution, except by way of background information and 
duly acknowledged in the thesis, and to the best of the candidate's knowledge and 
belief, no material previously published or written by another person except where 
due acknowledgement is made in the text of the thesis. 
This thesis may be made available for loan and limited copying in accordance with 
the Copyright Act 1968. 
Abstract 
Rock lobsters are one of the premiere seafood products around the world. High 
demand has led to most lobster fisheries being over or fully exploited. The Tasmanian 
rock lobster fishery is no exception and has become a major industry for Tasmania 
since its rapid commercialisation in the early part of the last century. The Tasmanian 
fishery, based on the southern rock lobster Jasus edwardsii, is the backbone of the 
Tasmanian fishing fleet and provides valuable socio-economic input into many of 
Tasmania's coastal rural towns. For this reason, the Government requires scientists to 
try to provide accurate and precise assessments of this fishery for their managers. 
The most recent change in the assessment of this fishery was the development of a 
mathematical assessment model. In addition to assessing the current state of the 
resource, the model has forward projection capabilities so that future harvest 
strategies can be evaluated. Like all fishery models, the Tasmanian assessment model 
is based on a number of assumptions for estimating biomass and egg production. In 
addition, the model assumes that the dynamics of fishing remain constant from year to 
year. However, the dynamics of the fishery are changing as management, technology 
and markets change the behaviour of fishers. The change to an Individual 
Transferable Quota management system in 1998 has seen fishers focus on the dollar 
return per kilogram, rather than maximising their catch, as a way to improve 
profitability. Global positioning and echo sounder technology enable fishers to locate 
and chart lobster habitat better than ever before, and the rapid expansion of air 
transportation has seen the opening of Asian markets for premium priced live lobsters. 
To ensure that model estimates are reliable under changing patterns of exploitation, 
model estimates need to be validated. This is best achieved by estimating the same 
parameters using different techniques. 
Trials to obtain estimates of exploitation rate and biomass using change-in-ratio (CIR) 
and index-removal (IR) techniques have provided encouraging results for southern 
regions of the Tasmanian rock lobster fishery. The latter two methods require that 
there be (at least) two surveys within a year, with harvest(s) occurring between 
surveys. The two methods have generally provided similar results. However, on 
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occasion, the CIR and IR results were widely divergent with the IR estimates of 
exploitation rate much higher than the CIR estimate. I examined the assumptions 
required to be meet for use of each of these techniques, especially the assumptions 
regarding catchability. Diagnostic tests were developed for each of the techniques to 
ensure that the assumptions of catchability are met. The CIR technique, which has a 
weaker assumption of catchability, was more robust than theIR technique. 
Application of the diagnostic tests resulted in several estimates being discarded. 
Despite this, exploitation rate estimates were available for five of the six fishing years. 
The diagnostic tests also demonstrated when an earlier than expected moult had 
occurred in the fishery. This moult affected the end of season sample which could no 
longer be used to obtain exploitation rate estimates. 
In northern regions of Tasmania, moulting occurs within the fishing season and the 
CIR and IR techniques can not be used. This thesis evaluates an alternative approach 
to stock assessment using multi-year tagging studies to estimate fishing and natural 
mortality in northern regions of the fishery. Data obtained from a tagging project 
undertaken from 1992 to 1995 were analyzed. The most parsimonious model was 
based on using three tagging events each fishing season, and estimating annual fishing 
mortalities and a single natural mortality estimate over the duration of the study. 
Fishing mortality was partitioned to the period of the year based on the amount of 
fishing effort between tagging events. Natural mortality was partitioned to the period 
based on the amount of time elapsed between tagging events. Although annual fishing 
mortalities could be estimated for each sex, a more parsimonious model was obtained 
when female fishing mortality was set as a proportion of male fishing mortality 
dependent on the amount of fishing effort in the female fishing season relative to the 
amount of effort in the entire fishing year. Tag reporting rate was also held constant in 
the model over the period of the study. Results demonstrated that relatively precise 
estimates of annual fishing mortality and tag reporting rate could be obtained but 
natural mortality was imprecisely estimated. Annual estimates of instantaneous 
fishing mortality were high, averaging around 1.0 to 1.2 per year, and were similar to 
those obtained by the assessment model. The precision of annual fishing mortalities 
estimated in the years after tagging ceased declined due to the low number of tags 
returned. Low tag returns were associated with the high exploitation rates and low tag 
reporting rate (estimated to be 22% ). Natural mortality was estimated for all years 
iii 
combined. The estimate of natural mortality was zero with a standard error of 0.2 per 
year. Natural mortality is an extremely difficult parameter to estimate. Current 
estimates, which are used in models for southern rock lobster throughout its range in 
Australia and New Zealand, are based on a small number of long term recaptures from 
southern Tasmania. 
Often, in fisheries such as the Tasmanian rock lobster fishery, a major management 
objective is to rebuild the stock and lower exploitation rates. Under declining 
exploitation rate, the need for a precise estimate of natural mortality increases. This 
thesis investigated four different ways to improve precision of estimated parameters 
using multi-year tagging models. Simulations were patterned after that Tasmanian 
rock lobster fishery and showed that the best gains in precision were obtained by 
either increasing the tag reporting rate or increasing the duration of the study. 
Although there was considerable potential to increase tag reporting rate as the 
estimate from the above study was low, there can be no guarantee that either increased 
rewards or improved publicity will result in an increase in tag reporting rate. The most 
certain way of increasing the precision of natural mortality was by increasing the 
duration of the study. This thesis suggests a design based on three years of twice a 
year tagging followed by three years of once a year tagging. 
This thesis also investigated selectivity estimates from the fishery because selectivity 
is assumed to be constant from year to year in the assessment model. Selectivity was 
found to change as the size composition of the lobster population changed. Large 
lobsters were found to inhibit the catchability of small lobsters. As large lobsters are 
removed from the population over time the catch rate of small lobsters can be 
expected to increase. Thus selectivity can be expected to vary as a function of the 
exploitation rate. Assessment models, which are based on size structure, need to 
account for changes in selectivity as the size structure of the population changes. 
Otherwise, if the increase in catchability of small lobsters is not accounted for, it is 
likely that declining recruitment to the fishery will not be fully detected. 
This study found selectivity to be an important parameter in some crustacean trap 
fishelies and identified the need to validate the assumption of constant selectivity both 
within and between fishing seasons. 
IV 
Acknowledgements 
PhD theses generally require a dedicated effort and single mindedness that impact on 
those close to the candidate. However, when the candidate has additional pressure 
through existing work requirements and family commitments then the impact on work 
colleagues, friends and family is exacerbated. 
I acknowledge both the Director of the Tasmanian Aquaculture and Fisheries 
Institute, Professor Colin Buxton and the Dean of the Faculty of Science and 
Engineering, Professor Paul Haddad who supported my six month study leave to the 
Virginia Institute of Marine Science where I worked with my main supervisor 
Professor John Hoenig. I also thank Professor Buxton who supported my combined 
work and study chaos after arriving back from Virginia. Dr Caleb Gardner's who 
ably led the Crustacean section during my absence and, in an unofficial capacity, 
maintained a leadership perspective on my return. My colleagues in the Crustacean 
section also put up with 'weird, tired and odd' behaviour during this time. 
Associate Professor Rob White provided supervision and timely reminders of the 
University's requirements. 
My prime supervisor, Professor John Hoenig facilitated the Virginia side of my study 
leave, provided a level of mentorship which I can only hope that I can pass onto 
others, and maintained the quality of scientific investigation that took the initial 
concepts of the task at hand to a higher level. 
Dan Hepworth at the Virginia Institute of Marine Science was tremendous in getting 
the SUR VIV program up and running and, after corrupting the copy on my computer, 
put up with numerous desperate emails requesting 'just one more run'. 
The brunt of the impact of undertaking and completing the thesis was borne by my 
family, particularly my wife. Undertaking all the additional duties in an already 
heavily committed household was a level of support that can never be repaid. I will 
always be deeply in debt. 
v 
Finally, my children persevered with the added level of chaos placed on their lives. 
However, there was one occasion when I knew that there could be no turning back: 
On one hot and humid summer morning in Virginia I had hassled my daughters on 
several occasions to hurry up so that I could arrive at work early. Having driven to the 
end of driveway I suddenly remember that I had left my notes behind. My wife 
commented that I was 'becoming an absent-minded professor like John' (my 
supervisor). My daughter quickly replied "Dad's not an absent-minded professor, he's 
just an absent-minded person without a PhD". Something had to be done! 
Vl 
Table of Contents 
Table of Contents .................................................................................................................................. 1 
List of Figures ....................................................................................................................................... 3 
List of Tables ........................................................................................................................................ 6 
I. BRIEF HISTORY OF THE DEVELOPMENT AND MANAGEMENT OF THE 
TASMANIAN SOUTHERN ROCK LOBSTER FISHERY .............................................................. 8 
1.1 SOCIAL AND ECONOMIC IMPORTANCE ........................................................................................... 8 
1.2 HISTORY ...................................................................................................................................... 10 
1.2.1 Catch Rates .................................................................................................................... 10 
1.2.2 Technology ..................................................................................................................... 10 
1.2.3 Management ................................................................................................................... 11 
1.3 CURRENTMANAGEMENT ............................................................................................................. 13 
1.4 CURRENT ASSESSMENT TECHNIQUES ............................................................................................ 13 
2. EVALUATING THE PERFORMANCE OF CHANGE-IN-RATIO AND INDEX-
REMOVAL ESTIMATORS OF EXPLOITATION RATE IN THE SOUTHERN ROCK 
LOBSTER FISHERY OF TASMANIA ............................................................................................. 16 
2.1 ABSTRACT .................................................................................................................................... 16 
2.2 INTRODUCTION ............................................................................................................................ 16 
2.3 THEIR AND CIR METHODS ......................... ···················· ... ··········· .. ······· ..................................... 17 
2.3.1 Index-removal ................................................................................................................ 17 
2.3.2 Change-in-ratio .............................................................................................................. 18 
2.4 APPLICATION TO SOUTHERN ROCK LOBSTER IN TASMANIA ........................................................ 22 
2.4.1.1 Southern Tasmania .................................................................................................................... 22 
2.4.1.2 East Coast... ............................................................................................................................... 24 
3. ESTIMATING NATURAL AND FISHING MORTALITY AND TAG REPORTING 
RATE OF ROCK LOBSTER FROM A MULTI-YEAR TAGGING MODEL. ............................ 45 
3.1 ABSTRACT .................................................................................................................................... 45 
3.2 INTRODUCTION ............................................................................................................................ 45 
3.3 MATERIALS AND METHODS ......................................................................................................... 47 
3.3.1 Study design ................................................................................................................... 47 
3.3.2 Development of statistical models for tagging data ....................................................... 48 
3.3.3 Parameter estimability and methods for fitting models .................................................. 48 
3.3.4 Models tested .................................................................................................................. 49 
3.3.5 Model Selection .............................................................................................................. 50 
3.3.6 Diagnostics for lack offit ............................................................................................... 50 
3.4 RESULTS AND DISCUSSION ........................................................................................................... 51 
3.4.1 Model selection .............................................................................................................. 51 
3.4.2 Model fit ......................................................................................................................... 52 
3.4.3 Fishing mortality ............................................................................................................ 53 
3.4.4 Tag reporting rate .......................................................................................................... 55 
3.4.5 Natural mortality ............................................................................................................ 55 
4. STRATEGIES FOR IMPROVING THE PRECISION OF FISHING AND NATURAL 
MORTALITY ESTIMATES FROM MULTIYEAR TAGGING MODELS: A CASE STUDY .. 74 
4.1 ABSTRACT .................................................................................................................................... 74 
4.2 INTRODUCTION ............................................................................................................................ 75 
4.3 METHODS ..................................................................................................................................... 75 
4.4 RESULTS AND DISCUSSION ........................................................................................................... 79 
1 
4.4.I Baseline simulations ....................................................................................................... 79 
4.4.2 Increasing the number of lobsters tagged per tagging event ......................................... 80 
4.4.3 Increasing the number of tagging events per year ......................................................... 8I 
4.4.4 Increasing the tag-reporting rate ................................................................................... 8I 
4.4.5 Increasing the duration of the study ............................................................................... 82 
4.4.6 Cost analysis .................................................................................................................. 83 
4.5 CONCLUSIONS .............................................................................................................................. 84 
5. IMPACT OF LOBSTER SIZE ON SELECTIVITY OF TRAPS FOR SOUTHERN ROCK 
LOBSTER (JASUS EDWARDSII) ..................................................................................................... 94 
5.1 ABSTRACT .................................................................................................................................... 94 
5.2 INTRODUCTION ............................................................................................................................ 94 
5.3 MATERIALS AND METHODS .......................................................................................................... 96 
5.3.1 Reserve sampling ........................................................................................................... 96 
5.3.1.1 Site, procedure and sampling gear ............................................................................................. 96 
5.3.1.2 Investigating the potential interaction between different sizes in traps ..................................... 96 
5.3.1.3 Estimating selectivity ................................................................................................................ 97 
5.3.2 Research sampling on the fishing grounds ..................................................................... 98 
5.3.2.1 Sites, procedure and sampling gear ........................................................................................... 98 
5.3.2.2 Investigating the potential interaction between different sizes in traps ..................................... 99 
5.3.2.3 Estimating selectivity ................................................................................................................ 99 
5.4 RESULTS AND DISCUSSION ......................................................................................................... 101 
5.4.1 Interaction between different sizes in traps .................................................................. 1 OJ 
5.4.1.1 Reserve .................................................................................................................................... 101 
5 .4.1.2 Fishing grounds ....................................................................................................................... I 0 I 
5.4.2 Selectivity ..................................................................................................................... 102 
5.4.2.1 Reserve .................................................................................................................................... 102 
5.4.2.2 Fishing grounds ....................................................................................................................... 103 
5.4.3 Comparison between sexes ........................................................................................... 104 
5.4.4 Comparison between regions ....................................................................................... 104 
6. HAVE CHANGES IN SELECTIVITY MASKED RECRUITMENT DECLINES IN 
CRUSTACEAN TRAP FISHERIES? .............................................................................................. 116 
6.1 ABSTRACT .................................................................................................................................. 116 
6.2 INTRODUCTION .......................................................................................................................... 116 
6.3 METHODS ................................................................................................................................... 117 
6.4 RESULTS AND DISCUSSION ......................................................................................................... 119 
7. DISCUSSION ............................................................................................................................ 129 
7.1 EXPLOITATION RATES ................................................................................................................ 129 
7.2 SELECTIVITY .............................................................................................................................. 131 
7.3 RELEVANCE OF RESULTS TO THE CURRENT TASMANIAN ROCK LOBSTER FISHERY ..................... 134 
8. REFERENCES ......................................................................................................................... 135 
2 
